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fWIEKflSHEtf* 1 ! 1 K&JSXtt&Jl^tfeSrj&fil-SffS 1 

(OBLfcx* km 2 <nmt*ji7* &m a-t 5 is £ . 

[flt*«2] «rlE«««:BI*»fi8L&a-C*)oT, mfSE 
flnl&# ffl^t, 4 1 * »ii65tf Sr-g- tr 7° 7 #H ^ ^ 

fi^^tfT'^X^^ffl^^i-^-rxgf*, ^gico^ 
£> 

i-x&£, 

5 £ tin* 9, fifflEfimtf)H±icmfB^-roSJS^^ £ 
pflESB - (DBLmx* £ wlffigkft&jtx b <ORJ&\z. iot 

£. 

BUSES— ©Se^f^ £ mTlEfSXOTKJ&tf;* SrSJES 

1- « is t 5 r t &&w. £ -r % ^mtt&wotm 

£, 

wif&m-9.m <oMf&.<D& ^ -cm&mitvtM * n mm. & 



(2) WmW- 11-168073 
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..... BfrfEIg -©KJ£#*<£>tft3&f?it £ mmxte*:<nm\c&it 

r £ &¥f'&b-tz>m*m 5 lett^^^Koii 

Sr^tS £i~5 fit** 4 X«IS*JS 5 -12® ro^^^gco 

8 ] atrte.¥*#£4s £ m&mmttmnm 

A, K-fk/i/^^^A, i<My^!?A, ^ft7^>, S 
IlS-ftS ^ £ £ -T 4 XttM * 

^ ^-TfifccDf&S: XM$L ' £ £ 1" 

< £ t 1 ^±^tp^W^^.T-fc5 r £ &¥fWi.b~rzm 

50 3] HulB^/^ti, 0 2 , H 2 O, H 2 0 2 , 

O3 , CO, C0 2l N0 2 , N 2 NOffcSit 

^-y^A x ryu=f>, Ii<D'>/i<t'i)lo|cj;otf 
«! * ti - £ Sr^m £ 1- 5 4 X 5 IBft ea 2^ 

-tZ £ [a] CRlS^^T-tTfetiS r £ £!|rfS£1--3f^KJS 
^0 4X»*IS*:«5|E«co^fls^Hw»!^)'£o 

«> HtiE#ia^-CW^tH4^^USl1-xll£liS^2) i 

5r#tf-£$r^jSi[£1-5l§*iSl 7 IdfS^ro^fls^g 
50 W®iig^&„ 
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4 Xttt»#* 5 ISttQ 

[!tJfcJS2 0] SftfE^ZKDSJC^f^fi, TiCl 4 , Til 4s 
TiBr 4 (D\,^frfrT*foZz\k&W&k^&m*.mi 9 IE 

[it*® 2 i] mmmmmt. mt^-t^m. m<tmt 

[0001] 
[0 0 0 2] 

[0 0 0 3] Sfc, ^£fc3&«Kxr±£fl&fl:4fe«: 
[0004] ftfW*ffiro»^>b^i: LtcvDft 

-T 5 » C V D jfoa* — «{b L X V ^5 » 
[0 0 0 5] 

[0 0 0 6] U&»u CVDteJ:9£«*«»4E*aHtJK 




(3) 1 1 -1 6 8 0 7 3 

4 

.... >£9#5±^mi£W®ft<^*£[£jt^5;r££, # 
HB¥9-2 1 3 6 5 9-^&*BiC:}o^T#3iL-Ci^5,, ^ 
LT, -t^^^^Oif* LV^BftaSr. 5 s c cmJ£(.T 

i±J_^^co^j£(D^'*'co^& fe-f , JiSi5-®gG0?gj&ift 

[0 0 0 7] L/5>U -?:WSSro»S4cr>^^f^-C»a, 

[0 0 0 8] 

[SHS:fi¥«:-rSfc«)W^S] (1) JifELfeSStt, 
13 3, 114, H2 OJr0lJ^i-5«t ¥-3H*£IRJbK 

IH^iroKi£;^^.S.U'HulEB2roSJS^^{iJ: l 9, BiffE 
»S<^±Kll91E&JRX^fi&&M2fl24&£^tr33®K 

[0 0 0 9] ^^fcft^a©^^!::^-^ mflE 
(2) ±ISLfcalJS(4, H3 ic^J^-TS <fc b i-, ^mfr 

airofliKSracg-rs^a^fT^xst, gtiiE^m^ro 

Wi^^^lh-r^ XHi Sr^-T S r t «r#fS t -r 5 ^iS* 
50 3g®i0Diii£^&(iJ:o-Cfi?9!:-r5o 
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(3) ±ffiLfc»Htt, EI 4 ^mTfk-r^X o i-, RS* 
KoBH(S:Bfc9-ra«i31SrtT5xei:, «irfE««flsJBI^ 

«r*tp*««Sr»«-r5XSi:, lift1B*WR<o«Jj*a>ifc 

# * <D tfe&flt it £ IU X IS* « ^ih L T fc J: v \ 

(4) ±KLfc (2) Xte (3) <z>M£*flc»B<D«Jt* 

[0 0 10] fflrffi««flcKtt, HtMfW^^srt 
* v^-rv, /vf^^A, mt^"r~ 

J*. Rfb-rys^J^ ^{b^>-. ^fb^>-^^>\ 

^ty ^fX Sfb^ey^^. 9^9 Wfc9is9fl' 
[0 0 11] *fcr±, WrlE»l*flcKSr»J«i--B9(r^, Aft 

S(d J: o x £ ix5 C t % #m i: -f 5 0 
[0 0 12] *fcW\ (WIERfttt^^tt. &¥*\ztitm 
«:4>4 < £ fc 1 Ki^tfSH 1 ©* *-CS>3 £ 4: 
"T^o *<7?^^tt, 0 2 , H 2 H 2 0 2 , 0 3 > C 
O, C0 2 , N0 2 x N 2 NO^>4<Hlo|: 

♦MR* 1-5, 

[0 0 13] H«IE»«(WR(7?lli«acS^«:«)<z> 

zztzm-mt-rzo *fci*, iiftfz^j£#ffl^*<z>ftftie 

I* , ^y^i», TA^:^ a*<z>4»fe< £1> 

[0014] miavis#n«>Rffaic»<o^M)o 

mite#ffl^-cco^tt4^^^Bi-t-xa^(iS* 




(4) 4*BB¥ 1 1 - 1 6 8 0 7 3 
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[00 1 5] Sfcfci:, BijS5«ffiJRS:?gfiJi-r5iti6<^S- 
»£\ WltZWi-CD&iJfctf^t Its TiCl 4 , TiI 4N TiBr 

[0 0 16] »:i^*:3SW^ffl^oV^TlftMi-S 0 

c v vm?. <t 9 ^sts^t^^^^is* 

(OC 2 H 5 ) 5*^*T«&JB £/B^£CVD^j£< S 
v^5 0 r^)j;5^CVD?£|:j:till V— 

^ [0017] -^r. »a*«±fc»*l-«*«Kt>cv 

[0 0 18] mi:i9, »«#BI±l=:AJRXtt&JRa 
h * 5 »««Srlf fiR-t- 5 Aft £f!tt#R0KX4; A 

SrESihL, 7k^, CH^J: 5*^*E»S:K{k 

[0 0 19] aMWcQ»rt<D*o»llwtt, ^-co 

[0020] Lfcaso-c, W«B!»fi!ico«««^xttii^ 




T 

««®J««>»*-eK*»£ESrflS< LTv *mSf??>ffi*t£: 
»*»JES: 1 - 5 mTorr jm-^HJ^Tf-"?- 5 b 

[0021] 433, arsnt<o^ffir^^&««Bi^«]ffl 

<7>#I±<Z> 1 ffl?fiJLh-c & S £ i l v > 0 

[0 0 2 2] 

lBfcHffifcS^TKW-r5 0 Ell (a) -Hl(d) r±, 
*38M©Hlfi^ffi^ffiSM I S (metal insulator semi 
conductor) ®<£> 3f ^ 9 (DJ&i&TM*: ^lT$r® El "C fc 
5o Si\ Hi (a) i-^-ri: 5 nl^i/llnylg 

[0 0 2 3] tt^T, ^*^^tt«3&SK— 
fv^y = VJR3 SrCVDSi:i 9 5 0 nmO>lRWc:?Kj5g-r 

#ii«S/y =3^!R3H\ El 1(a) M^LfcJ; 9 id 
[0 0 24] *fi«ixy =ivlR3<7>«ES:r 

y^-^r (nh 3 ) #i«ti:*Lr, ^usif y ^yflU 
3<o*ffiKJ*v^ft^>y ^>M4 %M&-fZ>o «!V>T, 
El 1(b) iC^-TJ; 5 id, CVDCJ: OKf 1 0nm<Z?itft 

(Ta 2 0 5 )JIl 5 y ny)g3 

K»kR2©*fflf«)±|:rtftt5. Ta 2 0 5 fig5 SrfigSi- 
5 BR <£ffl -T 5 * JX yt Ta (0C 2 H 5 ) 5 V ^ m 

[0 0 2 5] &id x K^#ffl^^T Ta 2 0 5 Hfl5£:7 0 0 

t «_h<z>»« ^*»raanR-r z>^b\zx<>x T* 2 o$m 5 

^itt^ftitSc w<Z>Bft**PffftS:RTO (rapid the 
rmaloxidizing) b^^? Q ZL<D b £ * 4¥£h1ti<' V 

[0 0 2 6] -t^g^ Ta 2 0 5 flH 5 ±^S{fc^* VfitS: 
fcH/4?^ir^2 lrtCAtl^o tit, Ta 2 0 5 JR5£> 




(5) 11-168073 

8 

... ft^^^BieSrCVD^ioTJKff 5 0nmGDJ¥£M^/£ 
^Ta 2 0 5 R5^etjeSixTv^5(Z5-c 5 

[0 0 2 7] JB^T\ gfffB^^^vy = V£^l £r 

<os<#--i/y\^m^&Kfc*i*\iLc\2 mm) . BC 

[0 0 2 8] r^J:9, *Mi/y = VJK3S:T{M« 

is, Ta 2 o 5 m^zmmtkm, mm^v ^v—tihmicxz 
&ik3-#> , met:±mmMbi>izMi si^^t^ 

v^T, ^ffc^ yf6 Sr«5Si0 2 )»7«:jgj£-t- So JRv^ 
t\ El Kd) j^i-j: 5(-sio 2 flg7^r^^ h y yy?? 
— tdj; 9'** — ^y/LT7^- K^ft^2±[^fc 

[0 0 2 9] Si0 2 JR7<O±^Eilft9Sr«5fi8-r 

^BS6J^jBi$ixSo *«>ia*l9tt, T^bTi, TiN , 
AlCu05W^«»bfcH*«5ti:ftorv^So WJb^J:9 
^ *XSldJ:oTv^y ^^£fel±id^r-Y^^^^?g^-r 

[0030] #c«c ±*ifcHKc) ^jjk-rmt^?^ 

^-TJ: 9^^g*f^T*fTt>tL^ 0 H2^i-cvD3gB 

*22t, T«B««2 2tJi|RIBIISr*3V^*tm-rsXf^^ 
^!7— 2 3;5SiaaSixTV^5 0 tf* i/^r 9— 2 3 f£ N jg 

1 O^^fctSc^ 23aiS2 ^^/^tetfi:^ 2 3b ^r^f 

^^»:tti?Lt^2co^^t£ife^2 3 bfc»«*ixfctt» 
O^^Sctti^L^^tb^H^^v-i- 7-2 3<^jS«f|$^lbaiJ 
^i-^tULTV>5 0 ^fc, tfXisv 2 3 (i±.»afii 

Hti/^ 0 ££>ld, SJt^ L ir^'<2 lcoi£S|S<7)WSCP 2 

2 736St6jRSix. :n^iaotSSft^2lrt^ 

[0 0 3 1 ] V— 2 3C0^ 1 C0^/^tegS:^2 3 

50 a i-tem 1 -13 69 3 1-3 3(^K^-6^1 
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temmt^f^tf* (Ticu ) dsgs«>fen, at 

tlZ> 0 3i2<D#X#>"<3 2\a*Wt$$ (0 2 ) #*asis«> 
2K£oTSH»£*'L5o »3<Z>#;*#V<3 3 |£f*^y 

(He) tf^asffiabfeix* ^^^^iili, ffe&RI 
WI&fltJl:<o*»&»fPW:«(»lEia 30^ LTfS 3 co 

[0 0 3 2] f£4<£>;#^;^>"<3 4 CliMMH (^ty^ 

f^t k^v^v) astern, ^e^^^sssps. 

0M&M*k #t»fltJh^tbm*«»IiIB3 0Sr^LT*4 

0- ^^^n-n^ hn- ^4 4 K<fc 9 *I»£;h,5o 5 

3 sciiry^^r (nh 3 ) #^f£#>b 

WEISS 3 0 S:^Lt»5©^7o- = ha— ^ 4 5 

[0033] ^J:5*cvDgi^^tgftf^y 

$5^-777n-ny hn-y4 1 — 4 5 SrSJUP bTW 

*. fi 0 3 td^-r j; it*? z> <t 0 i^sit&ng t m 

1 ?:CVDgI^gJSfty^2 lrt<Z>T«Btttt2 2± 

JE-r^tirfci-, T«fPStE2 2^T^t— ^H^JpjRlc 

=yl«i«)ifl[S:5 0 otics&^i-So 
[0 0 3 4] coj: 5ft«li^e>. ^2M|3^7 
hn-74 2, 4 3^MLT, 0 3 t^i" 

<t 5 SS;ft^2irti:gi (o 2 ) ^y»> 

A (He) ^f^^tlfnStlOOsccm, 5 0 sccnTC#t 
te"*~5 £ fcid. SUESHfttp^syjS- 1 . o Torr^M 
5£-rs 0 -^J: 5 i-S^^^v^2 1 i*il£*S£>»*Sr 
ir-CS^-W^2 1 rtSr+5J-*»SI#Hfit 

1- U rcO^60T >^^T(NH 3 ) ^t^/^f/M: K 
7^ (MMH) #*<7>«AB#t£i3tt5Ta205 K 5 (Z>» 
5c^B&ihSixSo *fc* ttEEDtX9H$ttt, Ta 2 0 5 fit 5 

?ti&8tmkt£&£itX#&fti<DCO x . H 2 0 fcifSrdfe 
J&£ii:5o C*U£J:<!K *^&^CH&£rTa 2 0 5 
JR5j&»&St!£>|»< 0 9Ta 2 0 5 JR5<Z5i|SgJH4^5fi 

<*«!) y-^««*«fi»-rsa!i*ti*>So a&i-, tin 

[0 0 3 5] Z(D&& % mmtfX<Dffim*5sccm£i9i> 
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LTTa 2 o 5 R5tfi^B8*35Slt*T?#SJ:5 
. fc&£HT^<5 0 gas&tf^y £J^flW&BM6a»fc3 0 

4 4, 4 55:§IV>T, 3 [dij^r <t 5 , NH 3 JJ^kM 
MH#*&^ft^H8KIt5 0 0 seem, 2 sccmT^-^ V/^ 
2 1 rtl:»AL, mmz&J£mm%L<DEEt!$:0. 1 5To 

il^l^v^7P-^yhn-74 l^f^V^, 03 
(Ci^t* J; 9 {d. 5 sccm^itftiiTTiCU ^r^JS^ 1 ^ >v^ 2 

70 1 f^-^ai- 6 0 

[0 0 3 6] 35C*3, TiCl 4 tfX<DRfc^-Y iss< 2 1 ^00 
*Att, ftlSO^fe 2 OsccmidLTt<fcU\ JhSiLfcTiCl 
4 ^^0WA^M»^fe5&TflSiaLfc«jCTiCl 4 
COgSi^rl OsccmfcJf-^U £t>f-TiCl 4 # ^<DMX<D 
mi&frh 1 O&Sig^J^TiCU 2 Osccm* 

[0 0 3 7] r COTiCl 4 ^^COoEft^ 2 0 sccmlClif ^p-f 
5tia«F, HP*>. B6**ABBt&^e>4 5g?iKia«J^ S5 
2©^7n^yj>n-74 2 ^iittii^^(Z) 

*0 ftV/<2 1— <Z>flti|&S:^ih-rs 0 r*UlJ:9. Ta 2 0 5 
flgScoilTu^Kih-r^irtfeic. TiN R6 £r<z>IHBM» 

fc. TiN K6tt«£ffifit^*5 0 
[0 0 3 8] ^<DX V TiCl 4 ^20 sccmidlfip 

s^fc^-c^b^^^ (tin ) R6<©fifcfiasi!fl*&-r 

1, ®3 X S4M$5^)-7^7P-2yhp-74 
30 1,4 3 — 45 ft<D#&ffl CT, TiCl 4 , He. NH 3 . M 

[0 0 3 9] Sk ±<Dtf* =1 V h n — jU$*mz. J: oTfflk 

01. (c) l^i~J:5^, Ta 2 0 5 JJg5 i:TiN JK6 irtO 
ffffi{i<O*Ti0xXttTi0NlR6 a^Sjg^SJxSo t ^ Z> 
X\ Ta 2 0 5 R5_b^^fb^^>€rfigS-r5^^0 3iC 

TJB»3&^±««fB*"e»*S:'&tfSft{bafk^^> (TiO 
N) R-efc5 0 

[0040] 0 4-efi s mmtfx&fttem3\z7fkLtck 

mCtf*?a— ^^^i-^^LTV^5 0 BP^, 05(a) M 

^-T<fc5t-> Ta 2 o 5 Ks^iiicM^tifc-yy^ySfi 

J:(D$$lf£%im%lZ02tfX, HetfX&Ztl^tlffi&l 0 0 
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seem, 5 0 sccm"?«*&-f- 5 t t t> 8£J£#[ffi§^GDjE 
OTorrid^S-T^o 
[0 0 4 1 ] 0 2 ^t/He(^^/^^P^^^^ 3 O&^iib 
/c^Cl, NH 3 ^^MMH^/75:^MixIi5 O Osc 
cm. 2sccmT^JE#H^i-^AL, m&f\Z.M.1±W^m^<V 
H^SrO. 1 5TorrjTfiT$-f5o $ bid, Kiftfftft 
BB*6^b3 5&lgj® Lfc^iC, TiCl 4 ^^Sr5sccm<Z)8E 

fi^: 5 sccmld^ bi~ 0 

[0 0 4 2] TiCl 4 tfx<DmAcomtefab 5®mMl>ti 
^MTiCl 4 JfX<Dffim% 1 OsccmldJt^U Sfe^TiCl 
4 #*<D*A©Bl*&a>&l 0#Si§mt-TiCl 4 
Sr2 OsccmS-CiS^-to rixMJ;*), 0 5(b) 

^fMfb^V (TiON) mi 6<7)*«tt. TiCl 4 #^£31 
ALfc^5>B»t5 0 TiONJgll 6£>j*ft4rH!jfcLT 
s&»&5 5&&iB«|;^ TiONJUl 6<DjSftSr»*.«fc» 

O2, TiCl 4 , MMH, NH 3 > He&^ttl^tMDjfXV) 
*A«r#Jk-*-5 0 mid J: 9, W^BSt^^EE* 
3&sfiTi-5 0 »*^8E*dS5sccmKTfiO«*^tt. HI 4 
<D-&mm^-t£ 5 i^, TiONJKl 6 0?g^m^Ji:$ 

[0043] ^a— ® ! m\zizz>mik s m 

M«^I^c^5@6, H 7 cd J: 5 *fe*35 s » 

^5r2sccmOD^ST^AL/ t cSlS^^>'^2 1 
ttKSISr 5 seemed ffiATQMX UgiSft^ 2 l 
[0 0 4 4] H6I^J:tLfi. ^Sl^y 7 5 

ft*«=^*t»*.T#6>nfcH 7 ±tttf , ^g^co 

i£ffia»jfeS*&^^-C^5<Z>"C* 0 3 :7u—t£t£ 

<fc f9 t^&ffift.t&oTi^o b^L, tbffiet^ 2 o 
00/iQc mJKTTfcntf^rir^v^^^-bflyattir tt 
^«ffi^+»T?*>S(7?"C. »at<OSIESS:5sccmJeJlT"C*> 

[0 0 4 5] L£> U TiONSg 1 6 tcWttftfT 5 HU K»*8E 
fi:^ 5 scant <£ 5 1-^— <D^? * -7 a — 3 yhP-7 
4 2£iE«-r5£, Ta 2 0 5 K 5 (Cfltjte+SiftJlSIES^ 
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sccmt^^nTV^cC^ir , -t-#MTa 2 05 R 5 <Z)IgK<^Bc 
. .. fK TiONHgl 6irTa 2 0 5 IS 5 ffffiKffl5EBSlrJB<Z):/n 

m#X%: 3 3 seem (6. 6{£) ^_t, #J;t 130 4 t^i~ 
i^iaoo sccmSE Lfcfgfc, 0 4 ©HS7Jj;-^S^ 
l^-T J: 5 KBeSfglESS: 5 sccmJ^Tt-:*^ s> ^(-^> 

[0046] >fc*3 % K*^y ^n— ffia^^saib^^ 

9, »*SK*^HS^J:oTTiONIKi 6 4»<z>K*-&*fi: 
S:WW-C#5r4:35S»»S*Lfco 0 8te, imift 
Hi 6(©^fi<oBS<Z)»*SIEfl:S:teT**5SftaS:2scc 
m, 5 seem, 1 0 seem, 0 seem b LfcSI'tn £ttj^ LTV ^ 
So &*3, 0 9 iC^-f-XRD (X-ray diffraction) 

[0 0 4 7] 03, |40^7n^t- 

t£oT Ta 2 0 5 ^5_bi^SLfc^^>'{t:^J^ (±fl!l« 

©Hfl-Ctti 3 l:* lfc*ftt#^ 7 o t - h A, 

3, 0 4 t C*^TTa 2 0 5 Rco±(-TiNR5r^gUT 

[0 0 4 8] ft*3, tt**"C±ffl(««Sr»*-*-5*ft 
IS* R. Tamaru et al. , Proceedingsof VMIC (1997), 

p. 571 t^iE«snfe^ifeS:fflv^fc 0 en cm, 
ypyig3^7^ iaii9 z^^-r^mt it^rt 

^ [0 0 4 91 Hint **Kvy ^>-J!S3 ^r-7-<^-^ 
J: >9 t> y-^SSE^i tfT'>4^r kitfit>frZ> 0 * 

*3, 0 10, 0 1 1 t ti-, Ta 2 0 5 flMSOOflg/?^ 1 On 
Ta 2 05 l5Sfi»©RTO«:8 5 Otfc Lfc fl * 

fff4 3. 2nm, ^ n — ^ ^ — h B TfifeS L^c £ # CO 
5(? Si0 2 iftg^(i3. 1 8nm x a*Ril-J:S^t^v'^(- 
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01^(3:3. lnnrCfcofc 0 ^t<omW\t C - VifsJtt J; 19 

[0 0 5 0] *<Z>«fc 5*y — ^»SEW:. ±ffl!lflHS«: 9 7 

t"£a»£B3£Lfc£^:*K EI 1 0 teEI 1-2<Z> <fc 5 Kfco 
T*K«K*{fcl*JLfe;lv*\ *fcBi 1BH1 3tf>£5 

ONWtt, Ta 2 0 5 flg£5t^#ia^^WLTV^^ £^ 

[0051] jfess, **t^^#fflmi-i/y ^yssi 
fM£ j: 9 \,i±mt*f-9 >m e ^ *bTa 2 o 5 Jiii 5 $ -e<o 

■Mfc^SMSfc* «*a«l^<t9»*LfcTiN «a>foTa 2 0 

#SESrW*^i-5fc*{^Ta205 fif^ftto 9 l-^y =» 
^Sr^V^T^cOi/y nySS±l^7n-ft- h A 

[0 0 5 2] -ttoHRtcJ: 9. 01 4 go — i-^-TJ: 

5^AES (Auger Electron Spectroscopy ) ;^#f#p;S= 

tmbtilto W*>. tK3feS[«lc:J:9««LfcTiN JBttv 
V ^ (mi 4 ) 

<b, *3llfc^ffioi63R^y «i3a^i-5TiN JK6 i: 
y 3 ^£S(J5#ffi{^*n5 §8*5^*^5 (El 1 4 

fee LfcasoT, ->y 3^a6s<o*ffi^R*^<^ 

$tltVN5rir^P)> Ta 2 0 5 il5 0Bf«feK) 
JEi^J:*^kd5|eliBSn, NH 3 KJ:33B5c#H« 

d^t^f)tlT^5rt^^ o HKi-jSftLfcTa 2 0 

5 « 5 W\ {t:^fi^it(r»o/cffiSr^Lfc Q £ 

y7D-^iia5 TiNM6^$4ixsitt*tt*5ii/5 

N jR6 £Ta 2 0 5 «5«)*«tt*SrRl±"*-5o **3&S«4> L 

[0 0 5 3] >fe*5, #*7n— hAfc^LfcJ; 5 
ftMMH#^S:««L4v^KB:, 81/^70^ 
JSKJ;5TiN K6 £ i/y =^StE^ffffi"C<0«*^Wfl: 

"t\ ^f77n-f h AWol/^MMH^^^Ml 
[00 5 4] 4*5, 015tt, 0 14|:*3lt5 t CO 

Kir* R*8KftSr2sccm*fcte5sccmi: LTM L/cTi 




(8) WBB 2 ?! 1-168073 

14 

^o-tix-Pix^SiSjKSrlB^i: r^H 1 6 o (eft 

... ofc 0 bi 6(^j:ntf, m\L^#>-<Dmmmxttf?&ft& 

oT, Sl*^ , y7n-iQ f ffl|j:j:5»kTi«S:affl-t"5r. 
£{-£9, Ta 2 0 5 K5(Oa5ES:B&JiiL, Ta 2 0 5 JR'5 

[0 0 5 5] kZ.ZT\ T 
^fofltfi6"f"SM I M (metal insulator metal) ffiigfiO^r 

[0 0 5 6] £f\ [HI (a) fc^LfcfcRWl^ isV = 

Lfc#fiK^ y = >K 3 SrJg^t 5c Hi 7 

(a)i^^-T J: 51-. CVDffi|dJ:!9#A«^y =>lg3 
-20 OWULfcffiOiJ^V^xVffil 0&1 0nmc£>ff$ 

^ryflli O^SS^IftlTtf^y^ry (w 

n) ri itsstSo c^^k&att, 
[0057] roi&i^ eh 7(b) i^T^-r J: 9 &^ 

^fygl OX^H'— /VK*ft:lR2<Z?±^Ta205 H£ 

Osccm, j£ftMS£:3 5 O'C, SSJSfefc^y — «: 8 0 0 

— hAX(3El4<£>;tf;*7n — ^ — fBi^oT, Ell 
7(c) ^^-T J: 9 i-Ta 2 0 5 m5(D±{Cmm-7V 7v—%± 
micXZHN ffi6XttTiON)Rl 6 SrfigfifSo ^*U£J: 

9, ^y^fyRi o^Tfiym®. Ta 2 o 5 ms&mm 

6 ^±^S@ir Lf'M I M«^C0^-^X^^(^S*«jg 

[0 0 5 8] ^^(^, Ell 7 (d) 

£S 5 Si0 2 ^ 7 SrJ^fig Ltzm^mm^ y 7 n — toffl 

8^Si0 2 ^7(^^L, $ 6>^BHp»8 SrlLtS^ 
y 7a- ^La(-i;5TiN R6XttTiONIRl 6 tCttjR"T5 
Sd«ft9 ?:Si0 2 R7 6O±:ic^fi5c-r5 o /j:*3, 
Oil O^^OOEII 7(a) -(d) (^^L/c^^co/f:^ii x 

eii (a) -(d) (^^-r^^R i:(--^5 0 

[0 0 5 9] El 4 l^-f^/^^n— ^-^— h BtCi: 
^L^:TiON±ftiJSffiS:*-rSM I Ml^rt^v'^^y- 

M I Ml*t^>?0!) — ^SSKfcJfcgtLfcfc^BI l 
5(7 8, Ell 9l^-r,t9/^8MS*355»e>ixfco ^cot^^ 




15 

[0 0 6 0] Hi 8te, ^^Ki/y 3^83 ^^^^ 

L fc* -&<d * -r is 9 <d V — ^ «8E sr^i- fc co-efo^ 0 

:7 n -^-r - h B 0±flaaffi^figXS*ST?g^ L 

[006 11 8i9it ^Sv-M^a^wt^ 

* 7 n — ^ -t - h B <D±mmmM&TM$:mTMf& Lfc 

T?KfiR LfcM I MM^*^^ £ 9 y — ^SStdS 2#t 

[0 0 6 2] El 1 7 (a) — HI 1 7 (d) Mtj^ LfcXgi^*3 
V>Tfe. TiON^l 6XteTiN K6d^e>Ta 2 0 5 ^5<D^# 
Si5^i-*t^^^TS(Dt 0 -^^^n^-i:. Ta 2 0 5 JK 
5 ttft**«Wt;J2: LfcasoTJK/* r. £ . TiONjgi l 
6XfiTiN K6(^4ixSiS[*ttfti/5tc:K^i-sr. 

Ta 2 o 5 IRco**ttdS|p]±i-5 n £ li, Bi (a) -HI 1 
(d) C/TLf'I§^f^Ci: 9 

[0 0 6 3] m3RZ$m4<DtfX-7t2— h"Ctt, 

TiONaxttKSf^y ^n— «iatj: iSTiN RSrjSft-rs 

*tf«S(0»-T-S:*tf#^, (H 2 O) , 

{b*iff (h 2 o 2 ) , tyy (o 3 ) . (c 
o) , xisibK* (co 2 ) xttKfb^* (no, n 2 ox 

#N0 2 ) 0^^4r^t?^^^rfflV^Tt<J:V\ %<Dj3^ 
fc\ — y«>^ (He) , 7VU=*V (At) . 3[« (N 2 ) <D'P 

[0 0 6 4] ^fEMgcDiiirriONXfSTiN <£> <fc 5 

^SrWESWfl^ALTfctv^ ilMt IT 
tt, Ta 2 0 5 <7>#fc> 9 l^^-^^»i?/U3>SMB (PZ 
T) N 7hnyfr)W>S| (SrTO) , ^9 ism 
s<]) ha V^^i* (BST) Xte^^A^:* h 

n^^^^t*^^^ (SBTXIiYl) Srffil^fc'EK X 

[0 0 6 5] R«flEjR^±tC3B«:i-5 ARKXttAJRS 
^tJR4rCVDjfe«iJ:!9®*-r4»^, Krt?<©fiijlB*ft 
^7X^M<HlowJft^J;5 

^/Nv-^ht, JbiaLfc«JfiU:lB5t>^^i*<^ 0*1*. 




(9) 4#P^¥ 1 1 - 1 6 8 0 7 3 

16 

... jr^">?, ^<Oi&com&<V*^/<is?X~h^Xh X\f\ 

*©T«tffi^tt»tfr, Sft^^fy (wn 

x ) , mtsfVispJ* (IrO x ) x ^b^>- (TiN 

) , ^yyfy (mo) , s-fb^e-y^^ <mon ) , 9 

isZfl, (Ta) . W?C9ls9fls (TaN ) if 

[0 0 6 6] ±|ELfcEg*ft<b^^^<Z>ftto9 
70 3*flS^*V (Til 4 ) , g&ff-tls (TiBrl 4 ) . ^ 

MMH<Z?ftt><9 f-, N 2 H4, t K7 ^y<7)7/U^/Hb^ 

T % >-^*«£/B^Tfc «fcl/\, fcr^TN T. Tamur 
a et al. , Proceedings of VMIC (1997), p. 571 <Z>3tfifc 

T*te. TiCl 4 ^5fet-S/t^{-^Ai-^r fcfdj: Ta 2 o 

^ i: mmt^* >$*<nmA<Dmmxb*%h&$cT~h£ 
v zs(D&\,^mdm& $ *b§ 0 

[0 0 6 7] W* % 020 idT^-T J: o {-^ NH 3 t 
MMH^J: V t3ti-TiCl 4 ^Sr*ALTt<tv\ 

m. m*tt&fc**isi&t;*+s<is9<D±tottk\^ 

[0 0 6 8] 

[0 0 6 9] ^(^^ktt^^tt, &AffiXtt&JKSfl;JR 

[0070] ^jsfli, AMatftiRirwaffBi^^je^s 

[Hi] HI 1(a) ~(d) *36W^3IJ!fi»l»«^«SM 
[HI 2] Hl2(i % **W(^3llE?KlB^^ir^V^<o±«FI5 
[HI 3] 0 3 1*, Hi 1(c) jc:^Lfciiftijaffii:*5AJR 



(10) 

17 

[04] euh 01(c) {z.7F-r7jk^ti±mmmbt£Z> 

^ ¥~ T B ^tBT fc So 
[0 5115(a) , 0 5 (b) fc*E! 4 iC^-r^ 2 7 

[86] B6«:, ^W^/B^SK*:^ 7n-teil: 

J: 5 ^ ** w i^ffl v n s mttMtr* b JO 

[12 7] 8 711 *38M{-fflv^5Be*^y 7a— 4!La{r 

j: s mt^ 9 >m t *3bh \cm^z> mtmit^9 >m t 

[B8] B8B, ^P^i^v^^^b^b^^vHI^^ 

[B9] ass, **w^fflv^5afbi^^b^*^B(©» ^ 

[010] BiOtt, [2 1 (d) |c*-r«3fi(7?M I S M * 
[Bill Blllt Bl(d) id*i-fllifi^M I sm*c 

co y —9 mwt&Tjk'tm 2 cD#ttHr*fes 0 

[01 2] 01 2H @3^ffiaotMI SS^t 
^ ii#ia:4 5 0t, 3^"C*3V^fc»^(Z>y— ^ 

[01 3] 01 3H ms<D^mz^^XM I SMt 
1^ II#lSl:4 5 0t, 3 ^X^v^/c^^oo y — ^ 



WBB^Pl 1-168073 
18 

[014] @14fl 0 3 idTFi-^-r— hCfot^ 

->y=i>a«toK*»*s:*-ria'c*>5o . 

[0 15 ] 0 15 Y±: 0 1 A(DW&<K^>T—)V%:^^ U 

[016] Bi6ii ^m\-m^^^.itmit^9 >m 

[01 7] 01 7(a) -(d) fe\ 

£M I MM^ir^V^S:?K^i-SXSS:^"t-»fffi|g"C*> 
[018] B18H 0 1 7 (d) \Z7jk-rmi&(OM I MM 

^ ^ y li^ti 1 tfe § 0 

[019] 0 1 9 H 0 1 7 (d) {C7?;-tmm<DM I MS 

9 <dv 9 m^-tm 2 <o»ttH-cfcs 0 
[020] 020*1 01(c) ic^ir^is£i±mmmb 

l-yyayis (¥3MMEtt) , 2-7^^KKft 

Ta 2 0 5 flU (R«fleJR) . 6 -»*:7 P y Z? n — ^St- J: £ 
TiN R (dfeJRgfbfil) , 7---Si0 2 JK, 8— MP SB, 9 — 

mm, lo-^yw^ ii-Sft?y^fy 

1 6---TiONfil, 2 1-Kft^, 22— t«h$s 

m. 2 3-^^^- 2 3 a -mi <n$*%mm^ 

2 3b-S2<3?#7lfi»i, 2 4-i^P, 2 5-BBEB 

2 6-K7y^y^ 2 7- K5>T s>3K^:A 2 
8— *1 <B\ 2 9-~%2<DlS* f g^ 3 0—*J»HI 

3 1- 3 5-^^ 4 1- 4 5-7^7n- 



[06] 



[07] 



§ 
a 




500 



- Conventional 

- O a pr*-flow 

- O x 2 eccm 
" O a 5 seem 




460 



480 600 

am* co 



620 



540 



2000 
1500 

u 

a 

5 1000 

§ 

±i 500 



I 1 




— O— 450*C 




— A— 48CTC 




— O— 500*C 




— V— 530t 




i 


1 1 1 



Canvantlona1Pr»-02 On 3»ccm OJ S»fccm 
Aft 



(11) 



¥fffl¥-l 1 -1 6 8 0 7 3 



[Ell ] 



[12] 



-9- 



T820& 




7 

43 



is 



,2 3 



75 



44 



MFC 



7 



43 



m m 
a m 



)UFC |l MFC llMFC 

7 



/I 

42 



7^ 



41 



3. 
22- 



28 

2J 

1 



RF 



r- -^sfa 



5 



35 34 33 32 31 



-26 
-27 




[B5] 



5 ToaPs 



5= 



.2 
-I 



02 



TICU 



MMH 



NHs 



He 



mil 



[H3] 



lOOsccm 



I L_ 



_L 



0 20 40 

20&ccm — — 

10sccm - 
6sccrn- 
I L 



20 ,440, 



-I L 



J 



60 80 100 120 (&) 



J 



45 



60 60 100 120 (fP) 



2 seem 
1 1 


1 l 1 


1 


0 20 


40 60 80 100 120 (&) 


500 seem 
1 1 


t I I 





0 20 j 40 60 80 100 120 (IP) 

5Q mmJ 



0 20 
I.OTonr 



0.15 Tot 
I L 



JL 



J 



40 60 80 100 120 (W>) 



J I 



20 30 40 60 80 100 120 (&> 



(12) 



1-168073 



Oa 



MMH 



He 



[04] 

lOOsocm 


6 seem m 


i 


i t 


4^— i — i — i- . 


0 20 
zOsocm- 
10 sccm^ 


40; 60 80 100 120 

i 





5S 



-L L 



0 20 : 40 60 80 100 120 (#) 
Z SCCfTl 



0 20 
600 seem 



J_ 



40 60 80 100 120 (&) 



I L 



0 20 
SO seem 



J L_ 



J 



40 60 80 100 120 <f*» 



0 20 
1-OTorr 



J L_ 



J 



40 60 80 100 120 (f*>) 



0.15Torr 

I L 



J_ 



1 1 



20 40 60 80 100 120 (fp) 



ims] 



^ 3 O 4 \ 



3.0 
2.0 
1.0 




500 IOOO 



BOO 



[Hi o] 



99.9 



s 

s 

II 



95 
90 



60 



MIS Structure 1 


■ i 




Ta,O B :10 nm p 






HTO:8S0 «C 






Flata:Nagatlva (-1 VWjf 












-a— Oz-doped TW . 




— o— Conventional TW 






1 



10*" 10** 10** 10"* 10 7 10"* 10" 1 



[i9] 
Og-dopgd TiN«XRD 



[mil] 



TIN 

BE a H50mTorr 



TIN(200) 




02i2sccnn 



40X> 409 4L0 419 42 jO 42 j3 43.0 43.9 44.0 44.9 45j0 

nm 2 8 tm) 



s 

i 



95 
90 

98 

60 

18 

10 
5 

1 

.1 
.01 



MS Structure 






TejO^IO ran qa 






RTO:850 10 BS 






Plate:PasItlva (+1 V)W 


















-^-OeKlopadTW 




~— o— Convtn 




i i i 


1 



10" 10 -w 10" 10- 10' 10* lO"* 

'J-*W* <A/cm*) 



(13) ¥fffl¥-l 1-168073 



[EI 1 2] 




10" 10" 10** io* T io- 
U-^WK (A/cm 2 ) 



[Hi 3] 



99.99 

99.9 

99 

95 
90 



» 
* 

£ 

m 
it 



50 

38 

10 
5 

1 

.1 
.01 



MIS Structure ' 






Ta,O»:10 nm a 






010:860% g 






Rate: Positive (+1 V) a 






I After N2+ H2 f j 






-450t,3 min 5 j 








—13— Pre-02TiN 




— o— Cte-doped TN 




— o— CowentwralTiN 


I I I 


I l 


1 



10' 



10" 10"' 



y-^«S* <A/cm z ) 



[mi 4] 



[015] 



3 
2.5 

S 2 

S 1.5 

H I 

* 0.5 

O 



© ** 

MMH +NH3 + O2 

NH3 + O2 



02 ^7B -TIN - 
TJN 



SI 



® 



© 




O 200 400 600 SCO IOOO 1200 
< ft ) 



H 

HI 




0 200 ^fe 600 600 tOOO I200 



[016] 



[Hi 7] 



0.05 



I 0 03 

30.02 
0.01 
0 



lid 








— a— 4sot 












— □— soo^fc 






— V— 530^ 








1 1 



Pre-02 02 3*ccrn 02 5«cccr 



1 9] 



90.99 

gg.g J- UIM StTUCtUTft 
Ta,O,:10 nm 
PlaierPosltfve (+1 V) 



89 
05 - 



s 



50 

as 

10 

s 



-O^dopodTW 
- CoiwanUanal TW 




lOf* 10"* 10" 10* 10" 1 10"' 10* 

'J-^Wt (A/cm*) 



(a) 



Y" 



0>) 



(c) 



6 or 16 



6or1 



.2 
.1 

.1 




(14) %fffl¥-l 1 - 1 6 8 0 7 3 



m 1 8] 




— i 1 i r 

-MIM Structure 
Ta x 0 f :10 nm 
Plata:Negative<-i V) 



10* 10* 10"* 10* 4 10* 10" 4 10' 1 

y-*«tt (A/cm*) 



0 2 



T\CU 



MMH 



NH3 



He 



[02 0] 
lOOsocm 



I 



20 40 60 80 iOO ISO 



j. 



_L_ 



J 



O 20 
2 seem 



40 60 80 tOO ISO 



O 20 
SOOsccM 



40 60 80 100 120 



O 20 
50 seem 



40 60 80 100 120 



L 



i 



O 20 
tOTorr 



J 



40 60 88 100 120 



0.19 Torr 
_1 



I 



20 3040 60 80 100 120 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT QR DRAWING 



